The nature of the lesion in the de-repressed mutants is not clear. The fact that the phenotype of the spontaneous mutant is qualitatively similar to that of the two mutagen-induced mutants may suggest that a single mutation causes this phenotype. Isocitrate lyase and malate synthase therefore appear to be jointly regulated. One might speculate that the primary mutation is in the system regulating the synthesis of these enzymes and that isocitrate dehydrogenase, as well as being inhibited by glyoxylate and oxaloacetate, is subject to repression by these metabolites. Whatever the precise mechanism, the excessive synthesis of the glyoxylate-cycle enzymes produces profound metabolic disturbances. It would be interesting to examine the growth efficiency of these mutants and whether the synthesis of other enzymes is affected in them.
Fig. 1. Molecular weight of thermophilic pyruvate carboxylase by gel Jiltration through
Sepharose 6 B V, was the elution volume of protein, and V, was the void volume of the Sepharose column determined with Blue Dextran. The marker proteins were: 1, thyroglobulin; 2, j?-galactosidase; 3, glutamate dehydrogenase; 4, pyruvate kinase; 5, aldolase; 6, lactate dehydrogenase; 7 , malate dehydrogenase. 0, Pyruvate carboxylase from the thermophile. (Alberts & Vagelos, 1972) . In previous communications (Cazzulo et al., 1970 (Cazzulo et al., , 1971 ) the isolation of pyruvate carboxylase (both apoenzyme and holoenzyme) from an amylase-negative strain of Bacillus stearothemophilus (Epstein & Grossowicz, 1969) was reported. We now present some results on the molecular weight, biotin content and subunit constitution of this enzyme. A modification of the earlier purification procedure (Cazzulo et al., 1970) was devised and consisted of the following steps: (1) removal of nucleic acids from the crude cell-free extract with protamine sulphate; (2) precipitation of the enzyme with (N&),sO4; (3) adsorption of the enzyme on, and elution from, a phosphocellulose column; (4) chromatography on DEAE-Sephadex; (5) gel filtration through Sepharose 6B or Sephadex G-200.
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The molecular weight of the purified carboxylase was estimated to be 600000+40000 by gel filtration through Sepharose 6B (Fig. 1) . Sodium dodecyl sulphate-polyacrylamide-gel electrophoresis of the enzyme, after it had been denatured in a boiling sodium dodecyl sulphate-2-mercaptoethanol mixture, revealed a single polypeptide band of molecular weight 1500OO+ 15000. The same electrophoretic analysis, after carboxymethylation of the enzyme in 6~-guanidium chloride, again identified a single polypeptide of similar size. A similar single polypeptide was also recovered during gel filtration of the carboxymethylated enzyme through Sepharose 6B in 2Om~-sodium acetate buffer (pH4.6) containing 6~-guanidinium chloride.
To determine the biotin content of the pyruvate carboxylase, the enzyme was isolated in homogeneous form from cells of the thermophile grown in a salts medium (Sundaram et al., 1969) supplemented with ~-[carbonyl-~~C]biotin. From a determination of the radioactivity in the enzyme, the biotin content was calculated to be 1 mol per 15000g of protein. This result was confirmed by microbiological assay of the biotin, after hydrolysis of the protein, with Neurospora crassa as the test organism.
It appears from these results that the thermophilic pyruvate carboxylase is a tetramer having a molecular weight of about 600000 with one molecule of biotin associated with each subunit. In this respect this enzyme resembles most of the mesophilic pyruvate carboxylases that have been well characterized. Table 1 summarizes the results of some experiments on the effects of denaturing agents and of thiol reagents on the activity of the thermophilic pyruvate carboxylase, and provides a comparison between the behaviour of this enzyme and that of the carboxylase from chicken liver. It is seen that, although the thermophilic enzyme is similar to the avian liver carboxylase in molecular size and general subunit constitution, it is markedly less susceptible to denaturation and to inactivation by thiol reagents. Previous work has shown (Cazzulo et al., 1970) that it is also a more thermostable protein. We have so far not been able to dissociate the quarter-molecular subunit of the thermophilic enzyme. Dissociation of the corresponding subunit has been reported in the mesophilic system (Warren & Tipton, 1974) . It is possible that, in the more hardy thermophilic system, the three distinct functions in the carboxylation reaction reside in a large single polypeptide represented by the quarter-molecular subunit. Alternatively, this protomer may comprise the three putative components, held together by unusually stable interactions or perhaps by covalent linkage.
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